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© 1 aipha-hydroxy vitamins D7 and D4* processes for the preparation thereof and pharmaceutical 
compositions. 

© Disclosed are new 1a-hydroxy vitamin D7 of formula (I) and 1a-hydroxy vitamin D4 of formula (II) which are 
useful as active ingredients of pharmaceutical compositions for the treatment of osteoporosis. 
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Q. Those new compounds are synthesized starting from (22E)-5a,8a-(4-phenyl-l,2-ura2olo)-6,22-ergostadien-3/3-ol 
m 30-tert-butyl-dimethylsilyl ether and through ten process steps. 
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FIELD OF THE INVENTION 

This invention relates to new 1a-hydroxy vitamin D7, 1a-hydroxy vitamin D*, new intermediates used in 
the synthesis thereof and processes for the preparation thereof. The invention also relates to pharmaceutical 
5 compositions which comprise as an active ingredient new la-hydroxy vitamin O7 or 1a-hydroxy vitamin 0*. 
which possesses improved activity to increase a mineral bone density. 

BACKGROUND OF THE ART 

70 The active forms of vitamin D3, 1a,25-dihydroxy vitamin Da and 1a-hydroxy vitamin D3 are known to be 
effective in the regulation of calcium metabolism including intestinal calcium absorption, intestinal calcium 
transport, bone calcium mobilization and bone calcification. These compounds exhibiting high activity in 
vivo have been used as a therapeutic agent for osteoporosis. However, an excessive intake of such 
compounds may cause side effects such as hypercalcemia because of its strong biological activity. 

15 An investigation has been undertaken to synthesize the active forms of vitamin D derivatives having 
bone mineral density-enhancing activity equal to or more than the active forms of vitamin D3 and further 
having reduced side effects and lower toxicity. It has been reported that (24R)- and (24S)-22,23-dihydro- 
1a.25-dihydroxy vitamin D2 represented by formula (A) or (B) have lower toxicity and furthermore bone 
mineral density-enhancing activity of the same level as active forms of vitamin D3 (Biochim. Biophys. Acta. 

20 1091 (1991) 188-192). The analogues of such compounds are expected to possess an interesting 
pharmacological activity in association with the active forms of vitamins D3 and D 2 . However, 1a-hydroxy 
vitamin D7 and 1o-hydroxy vitamin D*. i.e., the compounds in which hydrogen substitutes a hydroxyl group 
at 25 position of the compound of formula (A) or (B) are not known because of difficulty and complexity in 
the synthesis. 
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(A) : R, =Me. R 2 = H 

(B) : R, = H. R 2 = Me 
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DETAILED DESCRIPTION OF THE INVENTION 

45 The present inventors were successful in the synthesis of 1a-hydroxy vitamin D7 and 1a-hydroxy 
vitamin D4 and discovered that they possess reduced side effects as well as more improved activity to 
increase a mineral bone density and to induce a cell differentiation as compared with known active forms of 
vitamin D. 

The term "activity to increase a mineral bone density" as used herein refers to the activity to prevent 
50 bone loss or restore lost bone. 

Thus the invention provides new 1a-hydroxy vitamin D7 of formula (I) and 1a-hydroxy vitamin D* of 
formula (II). 
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( I ) : Ri-Me, R 2 =H 
(II) : R i = H. R 2 = Me 



OH 



For studying new compounds of the invention, it was necessary to develop processes for their 
production. One alpha-hydroxy vitamin D7 was synthesized for the first time and in the course of that 
synthesis new intermediates were also produced. 

Thus the invention also provides processes for the preparation of new la-hydroxy vitamin 0? of formula 
(I), 1a-hydroxy vitamin of formula (il) and new intermediates used in the synthesis thereof. 

The synthesis of 1a-hydroxy vitamin D? (formula I) and 1a-hydroxy vitamin Dt (formula II) is 
accomplished according to the method shown for example in process scheme I. 
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PROCESS SCHEME I 
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(X) : R, = Mc. R 2 = H , X=SO : Ar 

(XI) :R, = H. R 2 = M e. X = S O 2 Ar 

(XII) : R , = Me. R 2 = H. X - H 

(XIII) : R i = H , R : = Me, X = H 
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PROCESS SCHEME I (continued) 




K 0 H 

EtOH : Xn or CII > 
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FROCFSS SCHEME II 



R i R ? R ' R * 

s POClj or , c n A , 

7< 0H CH 3 S0 2 C1 / 

'o (XXI Y) : R i = C H 3 . R*=H (XXVI) : R , = C H 3 . R 2 =H 

(XXY):R, = H. R 2 =CH 3 (XXVI I) : Ri = H. R,= CH 3 

H 2 /Pd-C 

' 5 > (VI) or (VII) 

As shown in process scheme I, the synthesis starts from the compound of formula (111) in which the 5,7- 
diene and the hydroxy! group at 3-position of (22E)-5 t 7,22-ergostatrien-3jS-ol are protected, respectively with 

20 4-phenyl-1 ,2,4-triazoline-3,5-dione (PTAD) and with suitable protecting group conventionally used for the 
protection of hydroxyl group, e.g. tert-butyldimethylsilyl, trimethylsilyl, acetyl group or the like. The 
compound (III) is subjected to ozone oxidation to form the 22-aidehyde compound which is then reduced 
(e.g., with NaBHU) to the 22-alcohol compound of formula (IV). The ozone oxidation is carried out at a 
temperature below -20 *C in an inert solvent such as dichloromethane, dichloroethane, chloroform or the 

25 like, which is used in 5 to 50 times the amount of the compound (III). In that case, 1 to 5% of pyridine may 
be added to the compound (III). The reduction is conducted at a temperature between -50 "C and room 
temperature. In that case, NaBHU is used in 1 to 5 times the amount of compound (III). The compounds (III) 
and (IV) are separated and purified by a silica gei chromatography and the compound (III) thus recovered 
can be recycled. 

30 The compound (IV) is subjected to tosylation followed by halogenation to form the 22-halo compound of 
formula (V). The tosylation is carried out at a temperature of 0 • C to 30 • C for 1 to 20 hours in suitable 
solvents such as pyridine, triethylamine, diisopropylamine or the like. For example, tosyl chloride is used in 
this reaction in 1.0 to 10 times the amount of the compound (IV). The solvents are used in 5 to 20 times the 
amount of the compound (IV). After conventional working up, the reaction product is used for the 

35 subsequent reaction. The halogenation is carried out at a temperature between room temperature and 
boiling point of the solvent for 1 to 10 hours in suitable solvents such as acetone, methyl ethyl ketone, 
dimethylformamide or the like. The solvents are used in 5 to 20 times the amount of the compound (IV). For 
example, an alkali metal halide such as Nal, NaBr, Kl, KBr or the like can be used as a halogenating agent 
in the amount of 1.0 to 10 times that of the compound (IV). Purification of the reaction product is conducted 

40 by crystallization from hexane, ethyl acetate or the like. 

The 22-halo compound (V) is condensed with a sulfone derivative of formula (V!) or (VII) under a basic 
condition e.g., using n-butyl lithium, lithium diisopropylamide (LDA), sodium hydride or the like to form the 
compound of formula (VIII) or (IX). The sulfone derivative is used in 1 to 5 times the amount of the 
compound (V). This condensation reaction is carried out at a temperature of -30 "C to 30 'C for 0.5 to 5 

45 hours in suitable solvents such as THF, ether or the like which are used in 5 to 20 times the amount of the 
compound (V), preferably in a gas stream such as N 2 and Ar and if desired, in the presence of 
hexamethylphosphoric triamide (HMPA) or 1 ,3-dimethyl-2-imidazolidinone. 

The protecting group at 3/3 position is removed from the compound (VIII) or (IX) to form the diol 
compound of formula (X) or (XI). This reaction is carried out at a temperature of 0 to 30 • C under an acid 

so condition in suitable proton solvents. The acids such as p-toluene sulfonic acid, pyridinium-p-toluene 
sulfonic acid or the like are used in 0.01 to 0.5 times the amount of the compound (VIII) or (IX). The proton 
solvents such as methanol, ethanol are used in 10 to 50 times the amount of the compound (VIII) or (IX). 
The mixed solvents with chloroform or the like may be used to enhance the solubility. The purification of 
the reaction product can be performed by a silica gel chromatography. 

55 Subsequently, the arylsulfonyl group at 23 position is removed reductively from the compound (X) or 

(XI) using e.g., 5% Na-Hg in 2 to 20 times the amount of said compound to afford a compound of formula 

(XII) or (XIII). This reaction is carried out at a temperature of 0 to 50 'C, usually room temperature for 5 to 
50 hours in proton solvents such as methanol, ethanol, etc. which are used in 5 to 50 times the amount of 

6 
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^o genPhosPha , Pur(ficatlon of the reaction product 

^4^^ the compound (X.,) or (X.„) using suitab.e 

s compound of formu.a (X.V) or (XV). This reacts Zr^ZZ «*" * the 5 ™°™ 

and bo,.,ng poin, of the solvent for 0.5 to 5 hours n su tab! 1 i V 6mp6rature be ^ room temperature 
t a f" tS f . are in ' to 10 times the amount ote ^^^^ ^ ^ ^ Th6 r6ducin 9 

performed at a temperature of 0 to 50 -C in suitable solLl 7 ( ° ° r (XVM) - The Photoreaction is 
used in 5 t 50 fjmes ^ ^ ^ " su a ^ e ^ JHp ^ ^ ^ . 

The thermal .somerization is performed at a tempera^ S ? 9 Stream SUCh as nitro 9 en or argon 

" and the tosy.ate is displaced b y 

compound of formu.a (XVI,,) or (X,X). The tosySon I ca rn^ t «° Qive the cyctovit^nin D 
compound (,V). The evocation is carried out at a Tle Ju e lt * ^ COndition t0 »at of 

of methanol for i to 10 hours. The base eg NaHCO s 1h r °° m tem P era ^re and boi.ing point 
and methane, is used in i„ to ,50 times the'amoun^o the tosvl p° r ^ °» ^ ° f the ^ 
be performed by a silica gel chromatography V ^ Purificatl0n of the reaction product can 

^Bu^r^ to a„y„ ic oxidation (e.g., using 

-« earned out at a temperature of 0 • c to™ UeTjrZ e ^T^ JT^ (XX) ° r (XX,) ' ™* faction 
d.ch.oromethane. dich.oroethane. THF, etc. For instance SeO , , 5 h ° UrS in SUitab,e solvents such as 
compound (XV,,,) or (X,X) and t-BuOOH is used in to % t!mL ^ ° ' * 5 UmeS the 3m0unt of 

• T or r by a si,ica * -~phT unt of said c " Puri — 

add to t a:7^~~^7X^ z r is ~ ™ 

to g.ve la-hydroxy vitamin D 7 of formula m Q m V ( 0 h '° h ' S then subjected to saponification 
Performed at a temperature of 30 ^-C^ot^^T? * * f ° rmu ' a <">■ Th ° solvol.zing i 
_ t,me S the amount of the compound (XX) or (ixo The 3 S " Zl ^ aCid iS used in 1 * ™ 

> chromatography. The saponification is performed* a ,11? compound is purified by a silica gel 
methanol, ethanol, using an a, ka ,i sue i as Tall KO etc P ' t ° *° 5 °' C in SUitab,e so,vents such as 
sil-ca gel chromatography followed by crystalMzation ?1 T t Z l* 0 *™ ° f the prodtJCt is conducted by a 
or the mixed solvents. V Crystal,,2atl0n fr ™ suitable solvents such as ether, acetone, hexane 

The sulfone derivative of formula n/n ™ /\/nv ~~ ^ 

ole „„ 0er(va „„ l0 catayfc hyd , 0 ™ a °^ n ds "* al "» »' '«™ u .a (XXV,, „, (XXV,,, and »,en 

^---t^^S^^. 1 ^ <^.^ ^ reduced *. 
induce . cell ditoentl.lion as compared ^tnTown TZ1 . md m0re ' m,1 '°" M » 

compound, o, formulae (I, and „„ ca „ P be ^,^^2.^°? "rf™ ° T " e,slore ' P'^"' 
diseases, especially osteoporosla and psoriasis ° a » fi '=»»'=y leases and related 

inor.d^.fL^V^^oT,^^ -** »-P"» as ac.e 

W. m*, as compared JZA 8 "« B « 

P re Parations according to conventional methods of 
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pharmacy. 

o.05 » ,0 ug „, :rL™srr - — *• <»» » 50 <— «» 
-c, * ^ - jtrsasrsL"jr et" in r° n is -»» ^ - » «««■» 

administration or, he lite. " " ^ Mate of health, »«. mode of 

The invention is further illustrated by the following non-limitative examples. 
Example 1 

Synthesis of 1a-hydroxy vitamin D 7 (I) 

(1) (22E)-5 a .8a-(4-Ph e nyM.2-uraz 0 lo)-6,22-ergostadien-3^ol 3,5-t-buty.dimethy.si.y. ether (III) 

chloSt^^ « 2 °> — added to one liter of methylene 

crystalled from Tele to 2^6 87 9 a ITsTu TTi 7* COnCentrated and *e --due was 
dissolved in DMF (400 ml) to vHS^wS'Lh h • ^'^f-P^^'-'^-^Wergosten-a^ol. This was 
and the mixture was ^stS L fhr.Thf t ' m ^ 9) ^ ^^^^ethylch.orosilane (27.2 g) 

with chloroform The cn oSorm laver' 1, "TH ^ ,nt0 iC6 - C ° ,d W3,er and 

give 102 fl of the title compound mp C ° ndenSed ^ ^ l ° 

^SCLST^ 10 2 - * — 4.40(1 H, 

(2) 5a.8a-(4-P h enyM,2-urazo.o,-23.24-dinor-6-cholene-3^22-diol 3/M-buty.dimethylsi.yl ether ( .V) 

dissol^n tn^^ 3^t-buty,dimethy,silyl ether (III) (,02 g, was 

-65 -C Ozon J a s 'Je ft "T™ 9 1% a " d *" SOlutio " was coo.edbelow 

hydride (15 g) Tnd methSo noo mn ™ " 15 ^ f0r 5 hrS ' and thereafter sodium ^oron 

diluted hyLchtol acidTnri I? h° ?k **** raiSed t0 °'°- To the reaction s °'"«™ was added 
hydrogencabonate Si and teloJ^ WaS Sepa ' ated ' washed " ith *° d -™ 

' W^U^ - ™ SK 1.07(3H. d, 
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(3, ^'o*-5..8 < ,.<4-p te „ v ,., 2 . lira20lo , 2 3, 2Mino ,^ ho , en . 3a . ol 3fl ,. b „, yldimelhy , sily , ether (V) 

^^^^^^^^ " v » » 

carbonate solution and saturated saline water an ^ drted tE t C aCid ' aqUS ° US SOdium h y dro 9 e "- 
22-tosylate (43.4 g). To a solution of the ™* ^^^TLT f ' St,,, ? d ^ to 3ff ° rd ,he crud * 
iodide (36 g) and the solution was refluxed for 4 h s ThL inf ? ^ (4 °° ml) Was added sodium 

water was added, was extracted with XoU hashed w SdlndT' «° 

away. Crystallization of the residue from hexane aave 2R 1 nZ * ™ 6 the Solvent was distilled 

NMR .(CDC.3K 0.08(3H. , K 0,, 3H S)' 0 84tfH 9 ' 0 Tt? 168 ' C 

J=6.4HzK 3.09-3.17(2H. m) 332(1H dd J-?dT a ,u\ ' ' * K 09 6(3H - 1 °5(3H, d. 

J=8.3Hz). 7.29-7.46(5H: m ) ' ' 2 4 9 3HzK 440 < 1H ' 6.21 and 6.36(2H, ABq. 



(4) (24R)-5a,8a-(4-Phenyl-l,2-urazolo)-6-ergosten-3^-ol (XII) 



20 
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*J?JV£> ^ ST 0 ^ diSS ° IVed in ** ™F (50 ml) and cooled to -20-C 

Dimethy,-2-imidazoLnone ( 5 m7w as add ed ZT a \Tr "* T'^ Wa8rtrrBd 0ne 
2 3,24-dinor-6-cho,en-3,-o. 3 ( -tert-buUme h^y. ether (vTn 
the mixture was reacted at room temperature for 2 h TtZ 9> ■ * ™ F W3S 3dded dropwise and 
aqueous ammonium chloride so.utio! ! an et SJ^^'^l^ WM eM * * ith 3 satura * d 
sodium chloride solution and dried Removal of th* IT' > ! T ^ Was washed with a saturated 
(24S)-23-pheny.sulfony.-5a, 8a -(4 phenyl ^ >m °° 9 ™ 248 9 ° f 3 Crude <*° d ^ 
This crude product was disso.ved in 5 3 methanol ether < VI ">- 

(0.5 g) was added and the mixture w« 2£ a ° ^ LlV ? T P " t0 ' Uene S ° ,f ° niC 3Cid ™™nydrate 
added, a supernatant was concentrated ^JLwSS^J?™ ^ P ° taSSiUm C3rb0nate was 
and the solvent was distilled off. Purification ofThe residue bv I**™™ was extracted ethyl acetate 
P^ultony.*^^ S * C3 ** £™ J»ve 18.7 g of (24S>-23- 

solved in methanol (500 ml), disodium hydrogenphosphate (To aJL h 0nyl 087 9) W3S diS " 

added and the mixture was stirred. After 17 to n^^** 8 ° d ' Um am3 ' 9am 9 > were 

solution was concentrated and extracted with wL, ? ! ° Ury W3S remo ™d. the methanol 

concentrated. Purification of the resZTty a Tca aTrJ ch J 0r ° fom - and the chloroform layer was 

NMR 5(CDC. 3) : 0.76-0.81(9H m) 0 84 ?3H d J - fi ShT nlT* W 9 ° f thS title COmpound ( X, »>- 
m). 2.50(1H. m K 3.16(1H. dd ,= 13 6 an C Stei iL » J' J= 68HzK ° 96 < 3H - s >^ 

7.46(5H,m) and 3.9Hz) v 4.44 (1H, m)^ 6.23 and 6.40(2H, ABq, J = 8.3Hz)^ 7 30- 

(5) (24R)-Ergosta-5,7-diene-3£-ol (XIV) 

To a suspension of lithium aluminum hydride (2 q) in drv THF M?n ^ 
of (24R)-5a.8a-(4-phenyl-l,2-urazolo).6-ergosten 3 i-o? oS. , S s ^ ( ° 3dded dr ° pwise a mixture 
was reacted under reflux for 2 hrs in^S^^ll 1 J 9) ^ u dfy THF 020 ml) and the mixtur e 
way, the THF layer was separated T?. 55 " 9 ^ a ' UminUm hydride in the usual 

5-7 g of the title compound (XIV) — - "ecrystan.zat.on of the residue from ethanol afforded 

m.p. 165* 

0. 9 3X.^ K ° 0 ~ 0.3S.3H. a . ^ 
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Elemental analysis for C 2 sH^O 


Found 
Calc'd 


C 84.40% 
C 84.36% 


H 1 1 .69% 
H 1 1 .63% 
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(6) Vitamin 0? (XVI) 

A solution of (24R)-ergosta-5,7-diene-3£-ol (XIV) (5g) in THF (1 lit.) was irradiated for one hour with high 
pressure mercury lamp (Usio UM-452, Usio Denki Co., Ltd.) using 1.5% potassium nitrate as a filter under 

5 water-cooling in an argon gas stream. The reaction solution was concentrated and previtarnin D7 (1.5 g) and 
the 5,7-diene (2 g) were separated on a silica gel column. The separated 5,7-diene (2 g) was irradiated with 
light in a similar manner. The previtarnin D7 was formed into the ethanol solution which was then refluxed in 
a nitrogen stream for 2 hrs to distil off the solvent. Purification of the residue by a silica gel column gave 
1.65 g of the title compound. 

70 NMR 5(CDCI 3 ) : 0\54<3H, sh 0.77(3H, d, J = 6.3Hz). 0.80(31-1, d, J = 6.9Hz). 0.85(3H, d, J = 6.9Hz). 

0.91 (3H f d, J = 5.9Hz). 2. 57(1 H, dd, J = 12.7Hz and 3.5Hz). 2.82(1 H, m). 3.95(1 H. m). 4.82(1 H, d, 
J=2.5Hz). 5.05(1 H, sh 6 .03 and 6.23(2H, ABq, J = 11.2Hz) 

(7) 1-Hydroxy-3,5-cyclovitamin D? (XX) 

To a solution of vitamin D7 (XVI) (1.65 g) in pyridine (50 ml) was added p-toluenesulfonyl chloride (5.0 
g) and the mixture was stirred for 17 hrs. The reaction solution was cooled, water was added and the 
reaction mixture was treated in the usual way to afford the crude tosylate (2.0 g). To a solution of the crude 
tosylate (2.0 g) in methanol (100 ml) was added sodium hydrogencarbonate (9 g) and the mixture was 

20 reacted under reflux for 5 hrs. Methanol was distilled off, water was added, the reaction solution was 
extracted with ethyl acetate and the solvent was distilled off. Purification of the residue by a silica gel 
column gave 1.44 g of 3,5-cyclovitamin D7 (XVIII). To methylene chloride (45 ml) was added selenium 
dioxide (0-28 g) and a 2,2,4-trtmethylpentane solution (2.7 ml) of 3.0 M tert-butyl hydroperoxide at room 
temperature, which was stirred for one hour at the same temperature. To the stirred mixture was added at 

25 5'C a methylene chloride solution of the cyclo compound (XVIII) (1.44 g), the mixture was stirred for one 
hour and 10% aqueous sodium hydroxide solution (50 ml) was added to cease the reaction. The methylene 
chloride layer was separated, dried and concentrated. Purification of the residue by a silica gel column gave 
0.62 g of the title compound. 

NMR S(CDCI 3 ) : 0.53(3H, sh 0.77(3H, d, J = 6.3Hz). 0.80(3H, d, J=6.9Hz). 0.85(3H, d, J = 6.9Hz). 

30 0.91{3H, d, J = 6.4Hz). 2.26(1 H, m). 2.64 (1H, m). 3.26(3H, S). 4.19(1H, d, J=9.2Hz). 4.21(1H. or). 4.94- 
(1H, d, J = 9.3Hz). 5 .17(1H, S ). 5.24(1 H, s) 

(8) 1a-Hydroxy vitamin D 7 3£-acetate (XXII) 

as A solution of 1-hydroxy-3,5-cyclovitamin D7 (XX) (0.62 g) in acetic acid (10 ml) was reacted at 55° C for 
15 minutes. The reaction solution was poured into an aqueous sodium hydrogencarbonate solution and 
extracted with ethyl acetate and the solvent was distilled off. Purification of the residue by a silica gel 
column gave 0.27 g of the title compound. This column purification could separate 1£-hydroxy vitamin D7 
3jS-acetate (50 mg) in the first effluent and 1a-hydroxy-5,6-transvitamin D 7 30-acetate (100 mg) in the third 

40 effluent. 

1a-Hydroxy vitamin D7 3^-acetate 

NMR 5(CDCI 3 ) : 0.54(3H, sh 0.77(3H, -d, J = 6.3Hz). 0.80(3H, d. J=6.9Hz). 0.85(3H, d, J = 6.9Hz). 
0.91 (3H f d, J = 5.9Hz). 2.04(3H, sh 2.40(1 H, dd, J = 13.6Hz and 6.3Hzh 2.59(1 H, dd. J = 13.7Hz and 
3.4Hz). 2.81 (1H, dd, J= 12.2Hz and 2.9Hz). 4.41{1H, br). 5.02(1 H, s). 5.19(1H, m). 5.34(1 H. s). 6.02 

45 and 6.34(2H, ABq, J = 11 .3Hz) 

1 ^-Hydroxy vitamin D? 3^3-acetate 

NMR 5(CDCI 3 ) : 0.53(3H, s). 0.77(3H, d, J = 6.3Hz). 0.80(3H, d, J=6.9Hz). 0.85(3H. d, J=6.9Hz). 
0.91 (3H t d, J=6.3Hz). 2.06(3H, s). 2.60(1 H, dd, J = 12.7Hz and 3.9Hz). 2.82(1 H, m). 4.18{1H, br). 4,98- 
(1H, m). 5.01 (1H, sh 5.36(1 H, s). 6.00 and 6.37(2H, ABq, J = 1 1 .2Hz) 

so 1a-Hydroxy-5,6-transvitamin D7 3/3-acetate 

NMR 5(CDCI 3 ) : 0.55(3H, s). 0.78(3H, d, J = 6.3Hz). 0.81 (3H, d, J=6.8Hz). 0.86(3H, d, J = 6.3Hz). 
0.92(3H, d, J = 5.8Hz). 2.04(3H, s). 2.47(1 H, dd, J = 14.7Hz and 6.9Hz). 2.59(1 H, dd, J = 11.7Hz and 
3.9Hzh 2.85(1 H. m). 4. 49(1 H. br). 4.99(1H, s). 5.13(1H, s). 5.25(1 H, mh 5.81 and 6.57(2H t AB q, 
J = 11.2Hz) 

55 
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(9) 1a-Hydroxy vitamin D7 (I) 

To 1a-hydroxy vitamin D 7 3£-acetate (XXII) (0.27 g), 10% ethanolic KOH (5ml) was added and the 
mixture was stirred for 0.5 hr. The reaction solution was poured into water, extracted with ethyl acetate and 
5 the solvent was distilled off. Purification of the residue by a silica gel column afforded 0.22 g of the title 
compound, m.p. 174°C (ether-hexane) 

[a] o 25 ' +60.1 ■ (c= 0.1. EtOH) 

NMR 5(CDCI 3 ) : 0.54(3H, s). 0.77(3H, d, J = 6.3HzK 0.80(3H, d, J = 6.3Hz)„ 0.85(3H, d, J = 6.9HzK 
0.91(3H, d, J = 6.4Hz),. 2.31(1K dd. J = 13.2Hz and 6.3HzK 2.59(1H, dd, J = 13,7Hz and 3.4Hz) x 2.81(1H, 
10 dd. J = 11.3Hz and 3.0Hz) x 4.23(1 H, mh 4.43(1 H, mK 5.01 (1H, sh 5.33(1 H, s) s 6.02 and 6. 348(2H, ABq, 
J = 11.2Hz) 

MS m/z (relative strength, %) 415(M + + 1, 31), 414<M + , 100), 396(52), 378(27), 296(12), 287(38), 269(26), 
251(24), 174(55) 

75 Example 2 

Synthesis of 1a-hydroxy vitamin (II) 

(1) (24S)-5a f 8tt-(4-phenyl-1,2-urazolo)-6-ergosten-3i8-ol (XIII) 

20 

(3R)-2,3-Dimethylbutylphenyl sulfone (VII) (13.0 g) was dissolved in dry THF (50 ml) and cooled to 
-20 *C, then 1.65 N n-butyl lithium (25 ml) was added dropwise and the mixture was stirred for one hour. 
1 ,3-Dimethyl-2-imidazolidinone (22 ml) was added, then a solution of 22-iodo-5a,8a-(4-phenyl-1 ,2-urazolo)- 
23,24-dinor-6-cholen-3£-ol 3-tert-butyldimethylsilyl ether (V) (28.0 g) in dry THF was added dropwise and 

25 the mixture was reacted at room temperature for 2 hrs. The reaction solution was extracted with a saturated 
aqueous ammonium chloride solution and ethyl acetate, the organic layer was washed with a saturated 
sodium chloride solution and dried. Removal of the solvent by distillation gave 26.7 g of a crude product, 
(24R)-23-phenylsulfonyl-5a,8a-(4-phenyl-1,2-urazolo-6-ergosten-3^-ol t-butyldimethylsilyl ether (IX). This 
crude product was dissolved in 9:1 methanol/chloroform (1000 ml), p-toluene sulfonic acid monohydrate (1.0 

30 g) was added and the mixture was stirred at room temperature for one hour. Potassium carbonate was 
added, methanol was concentrated, water was added, and the solution was extracted with ethy! acetate and 
the solvent was distilled off. Purification of the residue by a silica gel column gave 24.3 g of (24R)-23- 
phenylsulfonyl-Sa.Sa^-phenyi-l^-urazolo^e-ergosten-Sjg-ol (XI). The 23-phenylsulfonyl (24.3 g) was dis- 
solved in methanol (500 ml), disodium hydrogenphosphate (12.0 g) and 5% sodium amalgam (100 g) were 

35 added and the mixture was stirred at room temperature. After 17 hours, the liberated mercury was removed, 
the methanol solution was concentrated and extracted with water and chloroform, and the chloroform layer 
was concentrated. Purification of the residue by a silica gel column afforded 7.63 g of the title compound 
(XIII). 

NMR <5(COCI 3 ) : 0.76-0.82(9H, m) s 0,85(3H, d, J = 6.8Hzh 0,94(3H, d, J= 6.4HzK 0.97(3H, sh 2.34(1 H, 
40 mh 2.51(1H, mh 3.17(1H, dd, J = 13.7 and 4.9Hz) s 4.46(1H, m) s 6.24 and 6.41{2H, ABq, J=8.5Hz). 7.30- 
7.45(5H,m) 

(2) (24S)-Ergosta-5,7-diene-3£-ol (XV) 

45 To a suspension of lithium aluminum hydride (1.6 g) in dry THF (100 ml) was added dropwise a mixture 
of (24S)-5a,8a-(4-phenyl-1,2-urazolo)-6-ergosten -30-ol (XIII) (7.63 g) and dry THF (100 ml) and the mixture 
was reacted under reflux for 2 hrs. After decomposition of excessive lithium aluminum hydride in the usual 
way, the THF layer was separated and concentrated. Recrystallization of the residue from ethanol afforded 
374 g of the title compound (XV). 

50 m.p. 145'C 

NMR 5(CDCl 3 ) : 0.62(3H, sh 0.78(3H, d, J = 6.6Hzh 0.79(3H, d, J = 6.8Hzh 0.86(3H, d, J=6.8Hzh 
0.93-0.96(6H, mh 3.63(1 H, mh 5.38(1 H, mh 5.5 7(1 H, m) 

(3) Vitamin 0 4 (XVII) 

55 

A solution of (24S)-ergosta-5,7-diene-3£-ol (XV) (3.74 g) in THF (1 lit.) was irradiated for one hour with a 
high pressure mercury lamp (Usio UM-452, Usio Denki Co., Ltd.) using 1.5% potassium nitrate as a filter 
under water-cooling in an argon gas stream. The reaction solution was concentrated, and previtamin - 
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(0.98 g) and the 5,7-diene (0.78 g) were separated on a silica gel column. The separated 5,7-diene (0.78 g) 
was irradiated with light in a similar manner. The previtamin D* was formed into the ethanol solution which 
was then refluxed in a nitrogen stream for 2 hrs and the solvent was distilled away. Purification of the 
residue by a silica gel column gave 0.62 g of the title compound. 
5 NMR 5(CDCI 3 ) : 0.54(3H, s). 0.77(3H, d, J = 6.6Hzh 0.78(3H t d, J = 6.8Hz) s 0.86(3H, d. J = 6.8Hz) x 

0.92(3H. d, J = 6.1HzK 2.58(1 H, m) x 2.83(1 H, m) s 3.95(1 H, mh 4.82(1 H, mh 5.05(1 H, mh 6.03 and 6.24- 
(2H, ABq, J = 11.2Hz) 

(4) la-Hydroxy vitamin D* 30-acetate (XXIII) 

10 

To a solution of vitamin D* (XVII) (0.62 g) in pyridine (10 ml) was added p-toluenesulfonyl chloride (2.0 
g) and the mixture was stirred for 17 hrs. The reaction solution was cooled, water was added and the 
reaction mixture was treated in the usual way to afford the crude tosylate (0.9 g). To a solution of the crude 
tosylate (0.9 g) in methanol (100 ml) was added sodium hydrogencarbonate (3 g) and the mixture was 

75 reacted under reflux for 5 hrs. Methanol was distilled off, water was added, the reaction solution was 
extracted wtih ethyl acetate and the solvent was distilled off. Purification of the residue by a silica gel 
column gave 0.64 g of 3,5-cyclovitamin D* (XIX). To methylene chloride (30 ml) was added selenium 
dioxide (0.18 g) and 2,2,4-trimethylpentane solution (1.8 ml) of 3.0 M tert-butyl hydroperoxide at room 
temperature, which was stirred for one hour. To the mixture was added at 5'C a methylene chloride 

20 solution of the cyclovitamin D (XIX) (0.64 g), the mixture was stirred for 0.75 hour and 10% aqueous sodium 
hydroxide solution (50 ml) was added to cease the reaction. The methylene chloride layer was separated 
and concentrated. The residue was purified by a silica gel column to afford 0.38 g of 1 -hydroxy-3,5- 
cyclovitamin D* (XXI). An acetic acid solution (10 ml) of the compound (XXI) (0.38 g) was reacted at 55 'C 
for 15 minutes. The reaction solution was poured into an aqueous sodium hydrogencarbonate solution and 

25 extracted with ethyl acetate. The solvent was distilled away. Purification of the residue by a silica gel 
column gave 0.16 g of the title compound. This column purification could separate 10-hydroxy vitamin Ox 
3/3-acetate (30 mg) in the first effluent and 1a-hydroxy-5,6-transvitamin D* 3£-acetate (80 mg) in the third 
effluent. 

1a-Hydroxy vitamin D* 3jS-acetate (XXIII) 
30 NMR 5(CDCI 3 ) : 0.54(3H, sh 0.78(3H, d, J=6.4Hzh 0.79(3H, d, J=6.8Hz) % 0.86(3H, d. J = 6.8Hzh 

0.93(3H, d. J = 6.4HzK 2.41(1H, dd, J = 13.7Hz and 6. 4Hzh 2.59(1 H. dd, J = 14.2Hz and 3.4Hzh 2.81(1H, 

mh 4.40(1 H, mh 5 .02(1 H, sh 5.21 (1H. sh 5.35(1 H, sh 5- 03 and 6.34(2H, ABq, J = 1 1 .3Hz) 

1£-Hydroxy vitamin D* 30-acetate 

NMR 5(CDCI 3 ) : 0.53(3H, sh 0.78(3H, d, J=6.8Hzh 0.79(3H, d, J=6.8Hzh 0.86(3H, d, J = 6.8Hzh 
35 0.92(3H, d. J = 5.9HzK 2.61(1H. mh 2.81 (1H. mh 4.17(1H, mh 4.98(1 H, mh 5.01(1H, sh 5.36(1 H t sh 6.00 

and 6.38(2H, A Bq, J = 1 1 .2Hz) 

1a-Hydroxy-5,6-transvitamin D* 30-acetate 

NMR 5(CDCI 3 ) : 0.54(3H, sh 0.78(3H, d, J=6.8Hzh 0.79(3H, d, J=6.8Hzh 0.86(3H, d, J = 6.8Hz). 

0.93(3H. d. J = 5.9Hz). 2.49(1 H, dd, J = 14.2Hz and 7.3Hzh 2.74(1 H, mh 2.85(1 H, mh 4.48(1 H, mh 4.99- 
40 (1H, sh 5.13(1 H ( sh 5.25(1 H, mh 5.81 and 6.57(2H, ABq, J = 1 1 .2Hz) 

(5) 1a-Hydroxy vitamin D* (II) 

To 1cr-hydroxy vitamin D* 3jS-acetate (XXIII) (0.16 g), 10% ethanolic KOH (5 ml) was added and the 
45 mixture was stirred for 0.5 nr. The reaction solution was poured into water, extracted with ethyl acetate and 
the solvent was distilled off. Purification of the residue by a silica gel column afforded 0.09 g of the title 
compound. 

m.p. 148-149*C (ether-hexane) 

[a] o 25 ' +56.0 (C=0.25 s EtOH) 
50 NMR S(CDCI 3 ) : 0.54(3H, sh 0.78(3H, d, J=6.8Hzh 0.79(3H, d, J = 6.8Hzh 0.86(3H, d, J = 6.8Hzh 

0.92(3H, d, J = 6.4HzK 2.32(1 H, dd, J = 13.4Hz and 6.5Hzh 2.66(1 H, mh 2.83(1 H, mh 4.23(1 H, mh 4.43- 
(1H t mh 5.01 (1H, s h 5.33(1 H, sh 6.02 and 6.38(2H, ABq, J = 11.2Hz) 

MS m/z (relative strength, %) 415(M + + 1, 30), 414(M + , 100), 396(61), 378(37), 326(16), 287(48),. 269(43), 
251(31), 174(62) 

55 
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Example 3 

Activity test of 1a-hydroxy vitamin D* and 1a-hydroxy vitamin O7 

5 Female Wistar rats (9 week-old) were given a usual feed containing 1.1 7% calcium throughout the 
entire experiment. Seventy two rats were subjected to bilateral ovariectomy and right sciatic nerve 
amputation. Rats were divided into 9 groups of eight animals each. Another group of eight rats was 
subjected to sham operation. Over a period of 6 weeks after operation, each group was orally administered 
either 1a-hdyroxy vitamin D3, 1a-hydroxy vitamin D7 or 1a-hydroxy vitamin D* dissolved in 0.5% 

70 ethanol/porpyleneglycol (vehicle) at the frequency of 5 days per week. The sham operated group and 
control group were orally administered the vehicle alone. The next day after final administration, rats were 
killed, blood was drawn from abdominal cave and right femur was extracted. The bone volume of femur was 
measured in accordance with Archimedes' principle. After heat treatment at 700 'C for 24 hrs, the weight of 
bone ash was measured. From these measured values, the bone density (ash weight/volume) of each femur 

15 was calculated. Serum calcium concentration was determined according to usual method. The results are 
shown in Table 1 . 

Table 1 



Test group Dosage Number Bone Serum calcium 

dens it y concent rat ion 
( ug/kg/day ) of rats ( mg/mm^ ) ( mg/dl ) 



25 



30 



35 



45 



Sham 






8 


0 . 


651+0 . 


009 


10 


. 8 + 0. 


2 


Control 






8 


0 . 


539+0. 


003 


10 


. 4+0. 


1 


Admin is tra t ion 




















lct-OH-D 3 


0. 


02 


8 


0 . 


556+0. 


005 


10 


. 8 + 0. 


1 




0. 


1 


8 


0 . 


54 5+0. 


007 


11 


.0 + 0. 


1 




0 . 


5 


8 


0 . 


560+0 . 


006 


12 


.4+0. 


2 


la-OH-D ? 


0. 


5 


8 


0 . 


581+0 . 


004 


10 


. 5 + 0 . 


1 




2 . 


5 


8 


0 . 


585+0. 


007 


10 


. 7 + 0. 


3 




12 . 


5 


8 


0 . 


589+0. 


004 


10 


.9 + 0. 


5 


la-OH-D . 

4 


0 . 


5 


8 


0 . 


576+0. 


006 


10 


. 5 + 0. 


2 




2 . 


5 


8 


0 . 


583+0 . 


003 


11 


. 0 + 0. 


4 



The data of Table 1 indicate that 1a-hydroxy vitamin D7 and 1a-hydroxy vitamin D* exhibit much 
greater increase in bone density, i.e., potent activity to increase a bone mineral density and lesser increase 
so in serum calcium concentration than known 1a-hydroxy vitamin D3. 

Example 4 

Orally administrable 1a-hydroxy vitamin O7 composition 

55 

1c*-hydroxy vitamin D? (10 mg) was added to one liter of middle chain fatty acid triglyceride (MCT) and 
stirred to form a uniform solution with 10 ug/ml of 1a-hydroxy vitamin D7 concentration, 1/5 ml portion of 
the resultant solution was capsuled in gelatin by a conventional technique. In a similar manner, one capsule 
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was prepared from each solution with 20 ug/ml of la-hydroxy vitamin D7 concentration. 
Claims 

5 1. A 1a-hydroxy vitamin D compound of formula (I) or (II) 



JO 



15 



20 



H O 



0 H 



R 1 R 




( I ) : R, = CH 3 . R 2 = H 
(II) : R,=H. R 2 =CH 3 



25 



30 



35 



40 



45 



2. A compound of claim 1 wherein said compound is 1a-hydroxy vitamin D7. 

3. A compound of claim 1 wherein said compound is 1a-hydroxy vitamin D*. 

4. A pharmaceutical composition for preventing or treating vitamin D deficient diseases, which comprises 
as an active ingredient an effective amount of a compound of formula (I) or (II) 



R , R 




( I ) : R 1 = C H 3. R 2 =H 
(II) : R,=H. R 2 =CH 3 



H 0 



O H 



50 



in combination with a pharmaceutical^ acceptable vehicle. 

5. A pharmaceutical composition for preventing or treating osteoporosis, which comprises a physiologi- 
cally acceptable vehicle and an effective amount of a compound of formula (I) or (II) 



55 



14 



EP 0 562 497 A1 



Ri R : 



10 




( I ) ;R, = CHa. Rz=H 
(II) : R, = H. R 2 =CH 3 



H O 



0 H 



20 



25 



30 



6. Use of a compound of formula (I) or (II) 

R. R, 



H 0 




( I ) : R, = CH 3 . R 2 =H 
(II) : R,=H. R ? =CH 3 



0 H 



35 for the preparation of medicaments for treating osteoporosis. 

7. A method of preparing a 1a-hydroxy vitamin D7 compound of formula (I) 



40 



45 



50 



55 



R, R: 



HO 




( I ) : R, = CH 3 . R 2 = H 



OH 



which comprises: 

(a) condensing the 22-halo compound of formula (V) 
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(V) 



with a sulfone derivative of formula (VI) 



Ar S 




(VI) : R , =Me, R. 2 = H 




(b) removing from the resultant compound (VIII) the protecting group at 3£-position and then the 
arylsulfonyl group at 23 position to form a compound of formula (XII) 
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R, R: 



H 0 



< 
X 



(XII) : R i =Me. R 2 = H, x=H 



•N-N 



0 / "iN'" "*0 
Ph 



(c) removing from the resultant compound (XII) the protecting group (PTAD) for 5,7-diene to form a 
compound of formula (XIV) 



R i Ri 



HO 




(XIV) : R , =Me. R 2 = H 



(d) subjecting the resultant compound (XIV) to irradiation followed by thermal isomehzation to form a 
vitamin O7 compound of formula (XVI) 



R, R; 




(XYI) : Ri^Me, R 2 = H 



HO 



(e) tosylating the vitamin D7 compound followed by solvolyzing the vitamin D7 tosytate to form a 3,5- 
cyclovitamin D7 of formula (XVIII) 
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R, R 2 

5 i 



MeO JJ (XVIII) :R,=Me. R 2 =H 



15 

t 

(f) oxidizing the 3,5-cyclovitamin D7 to form 1a-hydroxy-3,5-cyclovitannin D7 of formula (XX) 



20 



25 



30 




OH 



35 

and 

(g) sequentially solvolyzing the 1a-hydroxy-3,5-cyclovitamin D7 and subjecting to saponification the 
1a-hydroxy vitamin D7 3j3-acetate of formula (XXII) to give 1a-hydroxy vitamin D7. 



40 8. A method of preparing a 1a-hydroxy vitamin D* compound of formula (II) 

R 1 Rz 




which comprises: 
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(a) condensing the 22-haio compound of formula (V) 



JO 



15 




RO 



■'"N-N 
Ph 



hal 



(V) 



20 



25 



with a sulfone derivative of formula (VII) 



R , R ; 




Ar S 0 2 



to form a compound of formula (IX) 



(VII) : R i = H. R 2 = Me 



30 



35 



40 



R i R: 



R 0 




(IX) : R i = H . R 2 = Me 



45 



50 



(b) removing from the resultant compound (IX) the protecting group at 3£-position and then the 
arylsulfonyl group at 23-position to form a compound of formula (XIII) 



55 
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R, R 2 




= Me, x=h 



(c) removing from the resultant compound (XIII) the protecting group (PTAD) for 5,7-diene to form a 
compound of formula (XV) 




(d) subjecting the resultant compound (XV) to irradiation followed by thermal isomerization to form a 
vitamin D* compound of formula (XVII) 




(e) tosylating the vitamin D* compound followed by solvolyzing the vitamin D* tosylate to form a 3,5- 
cyclovitamin D* of formula (XIX) 
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O H 



35 

and 

(g) sequentially solvolyzing the 1a-hydroxy-3,5-cyclovitamin and subjecting to saponification the 
1a-hydroxy vitamin D* 3£-acetate of formula (XXill) to give 1a-hydroxy vitamin D*. 

40 



45 



50 
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